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Proposal for Beam Time in 2011 
 
 
This proposal is an Omnibus Proposal for LSDS Experiments. These experiments include 
(in approximate order of priority) 
 

1. Measurement of the neutron-induced fission cross section of 237U 
2. Test of detectors for assaying nuclear fuel: detectors “blind” to neutrons below 10 

keV are required. 
3. Thesis research for RPI graduate student 
4. (n,p) and (n,alpha) development 

 
Two of these measurements (#1 and #2) have very high priority in order to meet 
programmatic milestones.  Because the preparation of the 237U sample (6.7 day half-life) 
requires an irradiation at the High Flux Isotope Reactor at ORNL, the scheduling of this 
measurement must take into account the HFIR schedule and the time necessary to process 
the material at ORNL, install it in a shielded fission chamber, and then to ship it to us at 
LANSCE.  
 
The reasons for the measurements are as follows: 
 
1.  237U(n,f) – This isotope has a half-life of 6.75 days and can be produced by 
238U(n,2n) reactions in reactors and nuclear explosions.  The neutron-induced fission 
cross section has been measured with neutrons at thermal, at 200 keV and with neutrons 
from a nuclear explosion.  The experimental data are shown in Fig. 1. 
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Fig. 1 – 237U(n,f) cross section: Blue is ENDF/B-VII.0 evaluation; green are points from 
McNally from a nuclear explosion neutron source (1974); red points are an evaluation 
from Caner (1976); the black point at thermal is from Cowen (1955); and the blue points 
are from surrogate reactions by Burke (2006). Note that there are no experimental data 
above thermal to 44 eV and from1 keV to 100 keV. 
 
The method of making the sample is to take a highly enriched sample of 236U and 
subject it to a high thermal neutron flux to produce 237U by the 236U(n,gamma) 
reaction. In addition, the thermal neutron flux will burn out the 235U impurity. The 
proposal by Jerry Wilhelmy is attached to this proposal (Appendix A). 
 
In 2010, we had our first run with a sample of 237U prepared at HFIR.  A significant 
signal from 237U(n,f) was observed. We now need to quantify the background better 
from 236U(n,f). The sample and detector have not been removed from the LSDS and so 
we can measure the background by a run in June, 2011.  
 
Following this run, we propose measuring a second sample of 237U, with higher purity 
and more mass. We would choose an upper-level channel in the LSDS to minimize 
scattering from the aluminum supporting base plate. This run would be followed by a 
third run to measure the background in this sample. 
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First run – 1 day linac followed by 4 days PSR: 
 
The exact dates of this run are not crucial as it is with the sample and detector 
used last year. The purpose is to quantify background fissions from isotopes other 
than 237U in that sample. We suggest June 22-26, 2011 with previously run 
sample and detector. 

 
Second run – 1 day linac followed by 4 days PSR: 
 
The dates are crucial: they depend on the HFIR irradiation schedule (Appendix B) 
and the possible LSDS running schedule.  The present schedules of each are in 
Fig. 2. The LSDS run would need to begin 20 days after the start of the HFIR 
irradiation, and that irradiation would need to be about 2 half-lives (2 x 6.7 = 13 
days) long.  The present HFIR preferences are to perform the irradiation in 
August or October.  Here is a brief analysis of possible dates: 
 
a. August does not seem to be a possibility as the sole use time is only 18 days 

after the beginning of the HFIR irradiation time that month.  
b. October is out unless the LSDS run is in early November (e.g. Nov. 1-5). But 

then moving the LSDS immediately out of the beam line so that Target 4 
could run would risk high radiation doses to personnel.  

c. December 16-21 looks good. HFIR irradiation would start about November 
26. 

 
Some consideration should be given to modifying the LANSCE running schedule 
to accommodate this important, second run. 

 
Third run – 1 day linac followed by 4 days PSR: 

 
The dates are not crucial but they need to be at least one week following run #2. 
They could be several months later. We would quantify the backgrounds in run 
#2. 
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Fig. 2 -  LANSCE and HFIR schedules through February, 2012. The irradiation to 
produce the 237U sample needs to be about 13 days long. The LSDS run needs to 
start 20 days after the beginning of the HFIR irradiation. 

 
  
2. Test of detectors for assaying nuclear fuel: detectors “blind” to neutrons below 10 
keV:  The idea here is to assay spent fuel for 235U and 239Pu content by putting samples 
in the LSDS and looking for fast neutrons produced by (n,f) reactions in the resonance 
range.  We had a successful experiment with 235U in 2010. Now we need to measure 
239Pu. 
 
The detectors proposed for the fast neutrons are fission chambers containing pure 232Th, 
which has a very low fission cross section for neutrons below 100 keV. The relative 
amounts of 235U and 239Pu in a complex sample would be determined by the resonant 
fission cross sections. We place a sample of 235U or 239Pu in the LSDS and look for 
fission resonances with the fast neutron detector. 
 
This research is led by V. Gavron (LANSCE-DO). 
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3.-4.  (n,p) and (n,alpha reactions: 
 
These reactions have three motivations:  (a) thesis research for Jason Thompson of RPI; 
(b) developing techniques to measure 73As(n,p) and (n,alpha) as part of an LDRD/DR 
project and 50V(n,p) and (n,alpha), all of which have application to defense programs; 
and (c) developing techniques to measure these reactions on 22Na, 26Al and 40K, which 
are important for astrophysical nucleosynthesis. Appendix C gives details of these 
measurements. 
 
Measurements of (n, alpha) cross section are challenging because of the lower Q value of 
the reaction that result in a lower energy deposition in the detector. In addition, the 
intense neutron flux and electromagnetic background require development of detectors 
that have fast recovery and are insensitive to the background. Such effort is current 
underway at Rensselaer Polytechnic Institute (RPI) and is supported by a Stewardship 
Science Academic Alliance grant. As part of this work several detector concepts were 
developed including a compensated ion chamber, a compensated solar cell detector, a 
cylindrical ion chamber, a Gas Electron Multiplier (GEM) based detector and a 
Passivated Implanted Planar Silicon (PIPS) detector. We are currently focusing on the 
last two concepts which yielded good results in preliminary experiments with the RPI and 
LANL LSDS. Previous accomplishments include (n,alpha) measurements on ~9 mg of 
Sm-147 and Sm-149 with sub mb cross section (in part of the energy range). In this run 
we plan to measure V-50(n,p)Ti-50 with a proton energy of about 4.5 MeV and a 
theoretical estimate of the average cross section of 0.7mb. Enriched V-50 is on order and 
the sample will be made at RPI. This measurement is an important objective of our SSAA 
grant to demonstrate the feasibility of (n,alpha) and (n,p) measurements using the LSDS 
in preparation for radioactive sample measurement on materials of interest to the 
stockpile stewardship  program. It is also an important milestone in Jason Thompson PhD 
thesis research. 
 
 
 
SUMMARY 
 
The beam request is therefore for 3 runs, each of 5 days. The first day of each run could 
be linac beam. The remaining 4 days each would be PSR-to-Blue Room runs. At least 
one setup day prior to the run would be required. After the run, the Blue Room should be 
allowed to cool down several days before the LSDS can be moved and other experiments, 
including those at Target 4, resumed. 
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APPENDIX A 

 
237U(n,f) 

Jerry Wilhelmy 
October 17, 2005 

 
Goal: Measure 237U(n,f) cross section in the 1 eV – 100 keV range  
   Using the lead slowing down spectrometer 
 
237U can be produced copiously in a nuclear device through (n,2n) reactions on 238U.  
237U has a substantial fission cross section for neutrons at bomb thermal energies.  Thus 
the fission yield from 237U can be an important perturbation in the device environment. 
Previous experimental measurements of the 237U(n,f) cross section have used neutrons 
generated with a Cockroft-Walton accelerator at around 200 keV(1), critical assembly 
exposures(2) and underground nuclear explosions(3).  In addition, recently Younes and 
Britt(4) have reanalyzed “surrogate” data and presented an evaluated cross section for the 
237U(n,f) reaction. 
 
237U Production 
 
237U can be produced by bombarding 236U in a high flux reactor.   The experiments done 
in the 1970’s irradiated 42mg of highly enriched 236U in the HFIR at ORNL.  The flux 
was 2.2x1015 n/cm2-sec and the irradiations were performed over a 22 day reactor cycle.   
Under these conditions they reported that 1.9% of the 236U was converted to 237U.  
 
Currently HFIR operates at 85 MW (in the 1970’s it was 100 MW).   The amount of 237U 
(=N7) produced at HFIR at EOB can be determined using the following equations: 
 

 

which gives on integration: 
 

 

 
Where 
  = Atoms 237U 

 = 236U(n,γ) cross section (cm2) 
 = 237U(n,γ) cross section (cm2) 

 = Reactor neutron flux (n/cm2sec) 
 = Atoms 236U at start of irradiation 
 = 237U decay constant (sec-1) 
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 = Reactor irradiation time (sec) 
 

Dependant on the capture cross section and the details of the neutron fluence it may be 
desirable to explicitly consider both the thermal and resonant integral fluences and cross 
sections.  Under these conditions (Eq 1) becomes: 
 

 

 
Where 
  = Atoms 237U 

 = 236U(n,γ) thermal cross section (cm2) 
 = 236U(n,γ) resonance integral cross section (cm2) 
 = 237U(n,γ) thermal cross section (cm2) 
 = 237U(n,γ) resonant integral cross section (cm2) 

 = Reactor thermal neutron flux (n/cm2sec) 
 = Reactor resonant integral neutron flux (n/cm2sec) 
 = Atoms 236U at start of irradiation 
 = 237U decay constant (sec-1) 

 = Reactor irradiation time (sec) 
 
The relevant HFIR operation and nuclear reaction parameters are: 
 
Parameter Description Value 

 236U(n,γ) thermal cross section 5.1 barns 
 236U(n,γ) resonance integral cross section 360 barns 
 237U(n,γ) thermal cross section 400 barns 
 237U(n,γ) resonant integral cross section 1200 barns 
 Reactor thermal neutron flux 1.87x1015 n/cm2sec 
 Reactor resonant integral neutron flux 8.5x1013 

n/cm2sec 
 Atoms 236U at start of irradiation 2.55x1018  

(= 1 mg) 
 237U decay constant 1.19x10-6 sec-1 (=t1/2 

6.75d) 
 Reactor irradiation time 1.9x106 sec  

(= 22d) 
 
For reactor feed material, highly enriched 236U is available with the following isotopic 
distribution: 

 
Isotope Abundance (%) 

233U  0.082 
235U  0.205 
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236U 99.679 
238U  0.034 

  
Using 1 mg of 236U feed material we will have at the end of the HFIR irradiation cycle: 
 

Isotope Atoms (EOB) Micrograms (EOB) 
235U 4.33x1014 0.169 
236U 2.36x1018 925. 
237U 4.64x1016 18.3 

 
Note: a 22day irradiation in HFIR will appreciably reduce (burn up) the initial 235U feed.  
The 1 mg 236U sample goes from an ingoing concentration of 2.05 µg of 235U down to 
0.17 µg at EOB (a reduction of ~ a factor of 12). 
 
LSDS fission measurements 
 
The fission rate obtained in the LSDS for the relevant U isotopes can be estimated using: 

• ENDF (n,f) cross sections for 235,236U. 
• The McNally(3) estimates of the 237U(n,f) cross section 
• LSDS neutron fluence @ 30 cm irradiation port for 1 µΑ proton beam. 

 
The results are: 
 
 

 
Fig 1 



 

 9 

 
So over all energy ranges below ~ 200 keV the major fission rate component in the LSDS 
will be desired 237U(n,f).  However, it should be pointed out that the data in Fig 1 are for 
the isotopic distribution at the EOB of the reactor cycle.  Given that the sample has to be 
returned to LANL and that clean up chemistry has to be preformed to remove other 
actinides and fission products it realistically will probably take on the order of a half life 
(~ 1 week) to get the sample into the LSDS for data acquisition.  Even so, accurate 
background corrections will be possible by, after completion of the initial set of 
measurements, allowing the sample to decay for a few 237U half lives and remeasuring 
the fission rates from the background component isotopes. 
 
236U(n,f) 
  
The sub MeV 236U(n,f) cross section is poorly known.  What the nuclear data libraries 
carry seems to be just a downward scaling of the capture cross section.  This is probably 
due to the fact that it is difficult to measure this small, thresholding cross section in the 
presence of even small 235U contaminants in the target material.  Even using the highly 
enriched  236U feed material we have available to us, the low neutron induced fission rate 
will be dominated by the 0.2% 235U content.  I think this gives us an opportunity to make 
the first high quality measurements of this cross section.  If, following HFIR irradiation 
and after the 237U decays away we will have an even more highly depleted 235U sample (~ 
0.017% 235U content).  The ratio of neutron induced fission events in 236U/235U are shown 
in Fig. 2 for both before and after sample irradiation in HFIR. 
 

 
Fig. 2 
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As seen in the figure, the HFIR burn up of the 235U will allow much better S/N for 
determining the 236U(n,f) cross section in the sub MeV neutron energy range. 
 
236U(n,f) in DANCE? 
 
Using the new fission detector trigger capabilities in DANCE it would be desirable to 
measure 236U(n,f) in this facility.  The problem is that the sub threshold fission cross 
section for 236U(n,f) is (poorly) estimated to be in the 10-27 – 10-26 cm2 range for eV 
through keV neutrons.  These are very small cross sections for DANCE to measure 
especially since we also have to actively detect the fission event to have a trigger. 
 
The detected fission rate in DANCE can be estimated as: 
 

 
where 
 F = observed 236U(n,f) fission events 
 N6 = Number of 236U target atoms 
 σ(n,f)(E) = 236U(n,f) cross section at neutron energy E (cm2) 
 φ = neutron flux on target (n/(cm2-sec)) 
 Ω = efficiency for detecting fission events 
 t = irradiation time (sec) 
 
N6 is limited to the range for fission events to escape from the target.  The maximum rate 
we can obtain (using a single target) will be to use a sample that is the thickness of the 
range of the fission products.  The range of a light fission product (e.g. Kr) is ~ 15 
mg/cm2 in U (ref 5) and about 11 mg/cm2 for a heavy fission product (e.g. Ba).   
 
σ (n,f)(E) is taken for illustrative purposes to be 1 mb which is consistent with the values in 
the ENDF tabulations (ref 6). 
 
φ  is taken from Ullmann to be 
 φ = (7.0 x 103 N/cm2/ev/sec)E(eV) 
for a primary proton beam of 55 µA.  This gives when integrated for a 10% ΔE/E  
measurement window a flux on target of ~ 700 N/(cm2-sec). 
 
Ω  is the efficiency for fission fragments to emerge from the target.  If we use a thick 
target of ~15 mg/cm2 236U then we will have ~ 20% of the light fragments and ~ 13% of 
the heavy fragments exiting the target.  This gives an overall efficiency of ~ 33% for 
having a fragment exit the target.  If we use the most optimistic estimate that ALL of 
these will be detected in the DANCE fission detector then we will have the maximal 
detection efficiency. 
 
“t” is the time of irradiation and for illustrative purposes is taken to be 1 day (i.e. 86,400 
sec). 
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Combining these factors together we obtain 
 
 F ~ 0.76 detected fission events/(day-energy interval-mb) 
 
This is clearly below the feasibility range.  The above estimates also ignore the fissions 
that would be due to the small 235U contaminant.  As shown above this is an important 
perturbation unless substantial burn up of the 235U is accomplished before DANCE 
irradiation.  So it appears that it will not be possible to simply use DANCE to measure 
the 236U(n,f) cross section over the eV – 100 keV range.  However, it may be possible to 
use DANCE to look in the resonance region where fission enhanced resonances could 
occur where the cross section would be substantially above the 1 mb used in the above 
example. 
 
As shown above, the best bet for measuring the 236U(n,f) appears to be to use the LSDS 
on a sample that has been pre irradiated in a high flux reactor to further deplete the 235U 
content. 
 
Summary 
 

1) 237U(n,f) can be measured using the LSDS.  Though the measurement appears to 
be pretty straight forward from a physics perspective there will be a tremendous 
amount of logistics necessary to bring this off in a correct time sequence. 

• High flux reactor irradiation 
• Chemical processing to purify the residual U from other capture and 

fission products. 
• Meshing with the LANSCE schedule 
• All ES&H approvals and work authorization packages 

2) 236U(n,f).  In the sub MeV region this is a poorly known cross section.  Following 
a high flux reactor irradiation of the highly enriched 236U sample the small 
amount of 235U will be further substantially depleted.  This should provide a very 
good target to do these measurements. 

• A measurement in the LSDS can be done after sufficient time to let the 
237U decay away. 

• Due to the lower neutron fluence available at DANCE it appears difficult 
to attempt 236U(n,f) measurements over the entire range of interest.   
However, it may be possible to gain new information in the neutron 
resonance region where there may be resonances with substantial fission 
cross sections.  An exploratory study with DANCE and the fission 
detector capability seems warranted. 
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APPENDIX B 
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APPENDIX C 
 

Measurements of (n,p) and (n.alpha) cross section for small samples using the 
LANL Lead Slowing Down Spectrometer 

Y. Danon and J. Thompson 
Rensselaer Polytechnic Institute, Troy, NY 12180 

 
1. Introduction 

The Los Alamos National Laboratory (LANL) Lead Slowing Down Spectrometer 
(LSDS) is a unique instrument providing high neutron flux that enables measurements of 
neutron induced cross section for very small samples (nanograms) or for samples with the 
very low cross sections (microbarns). 
Utilization of this instrument requires development of detectors suitable for operation in 
this high flux environment. Previous work with the LANL LSDS aimed at measurement 
of the fission cross section of 235mU resulted in a successful proof of principle 
measurement of 239Pu fission cross section with sample size of less than 10 nanogramsi.  
Additional opportunity exists in utilizing the LSDS for measurements of (n,α) and (n,p) 
cross sections on small samples, radioactive samples or samples with very low cross 
section. Such measurements have applications in astrophysics, reactor applications and 
stockpile stewardship. 
Measurements of (n,α) cross section are more challenging because of the lower Q value 
of the reaction that result in a lower energy deposition in the detector. In addition, the 
intense neutron flux and electromagnetic background require development of detectors 
that have fast recovery and are insensitive to the background. Such effort is current 
underway at Rensselaer Polytechnic Institute (RPI) and is supported by a Stewardship 
Science Academic Alliance grant. As part of this work several detector concepts were 
developed including a compensated ion chamber, a compensated solar cell detector, a 
cylindrical ion chamber, a Gas Electron Multiplier (GEM) based detector and a 
Passivated Implanted Planar Silicon (PIPS) detector. We are currently focusing on the 
last two concepts which yielded good results in preliminary experiments with the RPI 
LSDS. 
Tests with the RPI LSDS provide initial data about the detectors and can also be used to 
perform actual measurements. The LANL LSDS has a neutron flux which is about 2 
orders of magnitude higher than the RPI LSDS and thus enable measurement on smaller 
samples. This is an advantage when radioactive samples are of interest and the activity is 
a limiting factor (for example 48V with activity of 0.17 mCi/ng). It is thus essential that 
detector development that will lead to experiments will also be done at the LANL LSDS. 
 

2. Proposed Method 
To develop new detection concepts, measurements of the reaction cross section will be 
done using a LSDS. Although measurements of small quantities of radioactive sample are 
of interestii, the high neutron flux will allow measurements in the range of millibarns on 
samples with quantities of only milligrams.  
The samples of interest are 50V, 64Zn and 44Ti and all have a positive Q-value which 
means that these are not threshold reactions and can thus be measured in the LSDS which 



 

 15 

provide usable neutron flux in the energy range from 0.1 eV to 100 keV. Table I provides 
some information on the samples of interest.  
The recent fission cross section measurementsi at the LANL LSDS using a 239Pu sample 
demonstrated that at 1 keV, a sample size of 30 ng was sufficient to measure a 10 barn 
cross section with accuracy of about 10% in 3 hours. Using the thermal cross section as 
an estimate about 90 mg should be sufficient for the (n,p) cross section of 50V which is 
expected to be about 0.7 millibarns. 
 

Table I - Properties of the samples of interest for (n,p) measurements. 
The proton kinetic energy is calculated assuming the neutron 
kinetic energy is zero. 

Sample 
(Reaction) 

Q 
[MeV] 

Alpha/Proton 
Energy 
 [MeV] 

Theoretical estimate 
of cross section 

 [barn] 

Estimated 
required sample 

mass [mg] 
V-50 (n,p) 4.79 4.70 0.7 90 
Zn-64 (an) 3.866 3.64 0.24 270 
Ti-44 (n,p) 1.049 1.026 16 3 
Ti-44 (an) 3.325 3.048 0.56 100 

 
2.1. The Lead Slowing Down Spectrometer 
The lead slowing down spectrometer is capable of delivering high neutron fluxes that 
allow accurate measurements of fission cross sections with a fraction of a microgram 
sample of fissionable material. Currently there are only two lead-slowing-down-
spectrometers in the USA: one is located at RPI and a recent smaller device is now 
located at LANL. The RPI LSDS will be used during the detector development and 
testing phase included in this proposal. The LANL LSDS will be later used to perform 
the actual measurement because of its proximity to the isotope production facility and its 
higher neutron flux. The LANL LSDS has about 2 order of magnitude higher neutron 
flux intensity compared to the RPI LSDS and thus allow measurements of smaller 
samples (or smaller cross sections)i. 
The RPI lead slowing down spectrometer, also known as the RPI Intense Neutron 
Spectrometer (RINS), is a 75-ton cube of pure lead, 1.8 meter on a side that is coupled to 
the RPI 100 MeV electron linear accelerator; this is the first high intensity LSDS 
spectrometer installed in the United States, where extensive experimental experience was 
gained. A schematic view of the RPI LSDS is shown in Figure 1. The electron beam hits 
an air-cooled tantalum target in the center of the assembly. The detector will be located 
inside the lead cube 60 cm from the lead cube face (see Figure 1). 
The lead slowing down spectrometer was constructed as a tool for non-destructive assay 
of spent fueliii. The availability of a high neutron flux spectrometer spawned extensive 
work on measurements of fission cross sections of radioactive samples using this 
facilityiv,v,vi. The high flux is a result of the neutron slowing down process in lead. In this 
process the neutron loses energy by elastic collision with the lead. As a result of these 
collisions the neutrons tend to focus to an approximate Gaussian energy distribution 
where the average of the distribution E (eV) is decreasing as a function of slowing down 
time t (µs) according to 
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 . (1) 

The neutron flux as a function of neutron energy for a lead slowing down spectrometer 
driven by the LINAC delivering 1 kw of electron beam power to a neutron producing 
tantalum target is shown in Figure 2. This neutron flux is about 103-104 times higher than 
the neutron flux at a 5 meter time-of-flight experiment.  
The high flux allows accurate measurement of about 1 barn cross section of a microgram 
sample. This sensitivity is a great advantage when measuring properties of fission 
fragments since the sample must be thin enough to allow the fission fragments to escape. 
Typical sample thickness is of the order of few tens of micrograms per cm2. With the 
RINS a total sample size of the order of 100-200 nanograms can easily be measured. 
In previous experiments we compared results obtained with the RINS and WNR at 
LANL and obtained excellent agreements for the measurements of the fission cross 
sections of radioactive samplesvii.  

 
Figure 1 – A schematic view of the RPI lead slowing down 

spectrometer. 
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Figure 2 – The neutron flux as a function of energy inside a lead-

slowing-down-spectrometer. 

The approximate Gaussian energy distribution obtained by the neutrons when they slow 
down in energy determines the energy resolution of the RINS. In order to maximize the 
resolution, care was taken in assembling the spectrometer from 99.99% pure lead with 
minimal void and minimal hydrogen content in the lead assembly. The obtained 
resolution is about 35% FWHM in the broad neutron energy range of 0.1 eV – 50 keV. In 
some cases such as 239Pu where the level spacing is large, information can be obtained on 
isolated resonances. Examples of the RINS capabilities to measure fission cross-sections 
of sub microgram quantities of short-lived isotopes are show in Figure 3. These 
measurements were the first to be done on these isotopes in this energy range. Figure 3 
shows the fission cross-section of 247Cm, 254Es and 250Cf. The 247Cm measurement shows 
the ability of the RINS to resolve low energy resonances and higher energy resonance 
clusters. The 250Cf sample had a large background due to spontaneous fission (442 
fissions per second) and demonstrates the high signal to background ratio that enabled us 
to be the first to observe a resonance at 0.53 eV. The 254Es sample had an activity of 0.4 
mCi mostly in the form of alpha emission. 
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Figure 3 – Fission cross section of radioactive samples of 247Cm, 254Es 

and 250Cf measured with the RINSiv. The activity of the 254Es 
was about 0.4 mCi. 
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2.2. The Detector 
There are several requirements for a detector for such measurements. 

1. Provide a distinct signal from the alphas emitted during the reaction. 

2. Have a fast recovery from the strong gamma flash inside the LSDS. 

3. Has to fit inside the limited space of the LSDS and should contain as little 
hydrogenous materials as possible (which can degrade the neutron energy 
resolution). 

4. Have a fast response to provide accurate slowing-down-time information. 

5. Be capable of working in the background radiation inside the LSDS. 

 
It is clear that requirement 1 is essential in order to get any information on the (n,α) 
reaction in the sample. The most demanding requirement is 2. Requirement 2 is a 
common problem for detectors used inside a LSDS and can be solved by careful design 
of an intrinsically-compensated detector which will minimize the effect of the gamma 
flash and provide fast detector recovery. For fission measurements this is typically 
achieved by using a compensated fission chamber or a compensated solid state detector 
such as a solar cell which was recently developed by the LSDS collaboration at LANLviii. 

2.2.1. Detector Designs 
There are two detector designs that will be used. The design can be easily modified to 
expand the capability of these detectors to other types of experiment, for example (n,p) 
measurements. Also fine tuning of the design (mostly the dimensions) to the expected 
energy of the charge particles and the background radiation may need to be necessary.  
We have considered many possible designs and arrived at two working detectors based 
on: (1) a solid state Canberra Passivated Implanted Planar Silicon (PIPS) detector and (2) 
Gas-Electron-Multiplication (GEM) Foil. 
 
Solid state detector 
A solid state detector such as a solar cell was successfully used for fission measurements 
in the LANL LSDS. Fission fragments are relatively heavy and are emitted with high 
kinetic energy of tens of MeV, which is high compared to alphas of several MeV that are 
emitted from the neutron absorption reaction. The range of the alpha is much longer than 
the range of the fission fragments and thus the detector has to have a larger active 
thickness. A solar cell that works well for fission fragments might not work for these 
lighter and lower energy particles which are providing signals at the noise level of this 
detector. 
Another possibility is a surface barrier detector. This type of detector is available with a 
variety of depletion layer thicknesses which can be selected to match the range of the 
alpha particles. For protons at 5 MeV a depletion layer of about 200 µm is required in 
order to fully stop the protons. Surface barrier detectors are sensitive to low energy 
gamma rays and some of our previous experience with these detectors inside the RPI 
LSDS was not as good as the detector exhibited gain drifts. However these experiments 
were done 30 years ago and since then semiconductor detectors continued to be 
improved. More recent experiments performed last year with a Passivated Implanted 
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Planar Silicon (PIPS) have proven that these new semiconductor detectors have improved 
enough to make then viable options. Figure 4 shows experimental results that indicate no 
permanent gain shifts or lose of resolution after exposure in the RPI LSDS. Figure 5 is a 
cross section measured for the (n,α) reaction on 6Li, taken with a PIPS detector proving 
that this reaction is detectable in the LSDS environment.  The detector was not 
compensated and only recovered from the gamma flash after the average neutron energy 
had already been reduced to 1 keV. Compensation should improve the recovery time and 
thus raise measured neutron the energy. 

 
Figure 4 – Multi Channel Analyzer (MCA) spectrum of the PIPS 

detector using a Gd-148 α source (Eα=3.18MeV) shows that 
after about 4 hours in the RPI LSDS operating at 8 µA no 
detectible damage (gain shifts or lose of energy resolution) 
was done. 
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Figure 5 – (n,α) cross section measurements of 6Li performed in the RPI 

LSDS using an uncompensated PIPS Detector 

 
GEM Foil detector 
The Gas Electron Multiplier (GEM) detector operates on the same principle as a 
proportional counter. A GEM foil is made of 50 µm thick polyamide or Kapton between 
two 5 µm thick copper layers. The entire foil is perforated with 30 µm holes. The GEM 
detector is constructed with the sample placed on the cathode allowing the alpha to 
traverse a few millimeters depositing energy in the form of ionizing the fill gas. The 
electrons are pulled towards the GEM foil. By applying a250-500 V potential, the 
electrons are forced though the high electric field in the vicinity of the holes where they 
are accelerated fast enough to cause secondary ionizations as they pass through the holes. 
After leaving the foil the electrons are drawn to the anode where the signal is extracted. 
Additional GEM foils can be placed in series for greater signal amplification. 
GEM detectors have several advantages over the more traditional proportional counters 
which will be crucial in successfully performing (n,α) measurements. The small spacing 
allows for quick charge collection creating much faster signals, lower sensitivity to and 
quicker recovery from the gamma flash. Each GEM foil acts to shield the anode from the 
signal generated by the positive ions much like a Frisch grid. 
Such detectors have already be designed for the LANL LSDS and tested at RPI. The third 
generation RPI-GEM detector is currently being constructed and will be ready for testing 
by early summer. The GEM detector also tested earlier this year is currently at about the 
same level as the PIPS detector as far as signal to noise ratio and recovery time. The Gen. 
II GEM detector is an uncompensated single foil modal which was able to handle count 
rates much larger than expected during the measurement of 50V during a 6Li(n,α) cross 
section measurement, see Figure 6. 
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Figure 6 – (n,α) cross section measurements of 6Li performed in the RPI 

LSDS using an uncompensated GEM Detector 

 
3. Requirements 

This measurement will require 1 week of use for the Blue Room Target 2, the LSDS. Day 
1 will be used as setup and troubleshooting with or without the beam. Day 2 will entail 
testing of the equipment with the beam on, measuring detector responses to the γ-flash 
and other sources of background and using LiF to get a measurement of the flux and as a 
final check of the detectors operating status. Days 3-5 will be used to perform the actual 
measurements provided that we can obtain suitable sample. 

4. Personnel 
This research is directed by Dr. Danon who is an associated professor and director of the 
Gaerttner LINAC laboratory at Rensselaer Polytechnic Institute. Graduate students 
working on this project are Jason Thomson who is developing these capabilities as part of 
his PhD thesis. Other graduate and undergraduate students from RPI will help. 
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